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1
OPTICAL MEASURING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This application is a division of U.S. application Ser. No.
13/305,038, filed Nov. 28, 2011, and claims priority to Japa-
nese Patent Application No. 2010-281102, filed on Dec. 17,
2010. The prior applications, including the specifications,
drawings and abstracts are incorporated herein by reference
in their entirety.

2. Description of Related Art

There has conventionally been known an optical measur-
ing device including a power turret which can turn to switch
a plurality of tube lenses each having a different magnifica-
tion so as to select one of them, whereby magnification can
easily be changed. With this configuration, the optical mea-
suring device can be used for a visual observation of various
measurement objects (workpieces) (see Japanese Patent No.
3363703, for example).

In a conventional optical measuring device 7, as illustrated
in FIG. 7 for example, white light emitted from a white light
source 710 passes through an objective lens 740 through a
mirror 720 and a beam splitter 730 so that a workpiece W is
irradiated with the white light. The white light with which the
workpiece W is irradiated is reflected on a surface of the
workpiece W, passes through one (a tube lens 750A in the
figure) of a plurality of tube lenses 750 (750A, 7508, 750C),
which is selectively switched by a power turret 760, via the
objective lens 740 and the beam splitter 730, and enters a
charge coupled device (CCD) camera 770. The conventional
optical measuring device 7 observes an image of the work-
piece W with the above-mentioned configuration.

Recently, there has been increased a demand for various
observations and measurements, such as an observation of a
wiring covered with a silicon or film, and an observation of a
wiring covered by a resin film such as a solder resist formed
on an integrated circuit (IC) wafer. However, the optical mea-
suring device described above has a problem of having diffi-
culty in observing the wiring, because the irradiated light is
reflected on the surface of the workpiece W (i.e., is reflected
before it reaches the wiring).

In order to solve the above-mentioned problem, there has
been known a device which can perform a special observation
such as a near-infrared observation and fluorescent observa-
tion, for example.

The near-infrared observation is an observation to be per-
formed through a substance, through which near infrared
light transmits, by utilizing a property of the near infrared
light. Such property includes a property of having a longer
wavelength than that of a visible light, a property of being
invisible to naked eyes, and a property of passing through a
thin material such as silicon and a film, and a skin tissue,
differently from the visible light.

Examples of main usages of the near-infrared observation
include an inspection of a circuit board using a thin material
such as silicon and a film, and a vein authentication to be
utilized for security.

As illustrated in FIG. 8, a conventional optical measuring
device 8 for a near-infrared observation employs a special
light source 810 which emits only near infrared light, such as
a near-infrared light-emitting diode (LED) light source, and
allows the near infrared light emitted from the special light
source 810 to pass through an objective lens 840 via a mirror
820 and a beam splitter 830, so that the workpiece W is
irradiated with the near infrared light. The near infrared light
with which the workpiece W is irradiated passes through a
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surface of the workpiece W and is reflected on a not-illus-
trated wiring, passes through a tube lens 850 via the objective
lens 840 and the beam splitter 830, and enters a CCD camera
860. The optical measuring device 8 for the near-infrared
observation observes an image of the wiring inside the work-
piece W with the above-mentioned configuration.

Meanwhile, the fluorescent observation is to irradiate a
workpiece with excitation light corresponding to the work-
piece, and to observe fluorescence emitted from the work-
piece. Specifically, the fluorescent observation is to observe
the wiring inside the workpiece by utilizing a phenomenon in
which, after the light (excitation light) with which the work-
piece is irradiated is absorbed by a pigment molecule of a
fluorescent material formed on the surface of the workpiece,
the fluorescent material emits light (fluorescence) according
to a thickness of the fluorescent material. Since the thickness
of' the fluorescent material covering the wiring varies accord-
ing to a structure of the wiring, the structure of the wiring can
be found by observing an intensity of the fluorescence emit-
ted from the fluorescent material. Here, the fluorescent mate-
rial means a material which emits fluorescence, and includes
a wide variety of materials. Thus, the excitation light corre-
sponding to each fluorescent material and the wavelength of
the fluorescence emitted from each fluorescent material are
varied.

Examples of main usages of the fluorescent observation
include an inspection of an IC wafer using a solder resist, and
an observation of a biological tissue or cell stained with a
fluorescent pigment.

As illustrated in FIG. 9, a conventional optical measuring
device 9 for a fluorescent observation employs a special light
source 910 which emits only excitation light, and provides an
excitation filter 920, through which only excitation light hav-
ing a wavelength corresponding to a workpiece W transmits,
on an optical axis of the excitation light emitted from the
special light source 910. With this configuration, the excita-
tion light corresponding to the workpiece W is obtained, and
the obtained excitation light transmits through an objective
lens 950 via a mirror 930 and a dichroic mirror 940, so that the
workpiece W is irradiated with the excitation light. Then, the
fluorescence according to the thickness of the fluorescent
material formed on the workpiece W is emitted from the
workpiece W irradiated with the excitation light, and the
excitation light is reflected on the workpiece W. The fluores-
cence and the excitation light from the workpiece W pass
through a fluorescence filter 970, through which only fluo-
rescence transmits, via the objective lens 950 and the dichroic
mirror 940. The fluorescence passing through the fluores-
cence filter 970 passes through a tube lens 960 to enter a CCD
camera 980. The conventional optical measuring device 9 for
the fluorescent observation observes an image of the wiring
inside the workpiece W with the above-mentioned configu-
ration.

However, in the case of the configuration where the work-
piece is irradiated with only the near infrared light, such as the
above-mentioned optical measuring device for the near-infra-
red observation, the ordinary visual observation requiring
irradiation of the workpiece W with the white light cannot be
performed.

Similarly, in the case of the configuration where the work-
piece is irradiated with only the excitation light correspond-
ing to the workpiece, such as the above-mentioned optical
measuring device for the fluorescent observation, the ordi-
nary visual observation requiring irradiation of the workpiece
W with the white light cannot be performed.

SUMMARY OF THE INVENTION

The object of the present invention is to provide an optical
measuring device which can make not only a visual observa-
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tion but also a special observation such as a near-infrared
observation and fluorescent observation to a measurement
object.

According to a first aspect of the present invention, there is
provided an optical measuring device including: a visual
observation section for performing a visual observation of a
measurement object; and a special observation section for
performing a special observation of the measurement object,
wherein the visual observation section includes: a white light
source which emits white light; a first objective lens arranged
between the white light source and the measurement object,
through which lens the white light emitted from the white
light source and return light from the measurement object
transmit; a plurality of tube lenses which change a magnifi-
cation of the return light passing through the first objective
lens to a predetermined magnification; and a lens switching
mechanism which can selectively switch the tube lenses so as
to select one of the tube lenses which is to be arranged on the
return light, and wherein the special observation section
includes: a special light source which emits special light; and
a second objective lens arranged between the special light
source and the measurement object, through which lens the
special light emitted from the special light source and return
light from the measurement object transmit.

According to a second aspect of the present invention, there
is provided an optical measuring device including: a white
light source which emits white light including special light;
an objective lens arranged between the white light source and
a measurement object, through which lens the white light
emitted from the white light source and return light from the
measurement object transmit; a plurality of tube lenses which
change a magnification of the return light passing through the
objective lens to a predetermined magnification; a special
filter provided on one of the tube lenses, through which filter
only predetermined light transmits; and a lens switching
mechanism which can selectively switch the tube lenses so as
to select one of the tube lenses which is to be arranged on the
return light.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
appended drawings which given by way of illustration only,
and thus are not intended as a definition of the limits of the
present invention, and wherein:

FIG. 1is a schematic view illustrating a configuration of an
optical measuring device according to a first embodiment;

FIG. 2 is a schematic view illustrating a configuration of an
optical measuring device according to a second embodiment;

FIG. 3 is a schematic view illustrating a configuration of an
optical measuring device according to a third embodiment;

FIG. 4 is a schematic view illustrating a configuration of an
optical measuring device according to a fourth embodiment;

FIG. 5A is a schematic view illustrating a configuration of
an optical measuring device according to a fifth embodiment;

FIG. 5B is a schematic view illustrating the configuration
of'the optical measuring device according to the fiftth embodi-
ment;

FIG. 6A is a schematic view illustrating a configuration of
an optical measuring device according to modification of the
fifth embodiment;

FIG. 6B is a schematic view illustrating the configuration
of'the optical measuring device according to the modification
of the fifth embodiment;

FIG. 7 is a schematic view illustrating a configuration of a
conventional optical measuring device;
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4

FIG. 8 is a schematic view illustrating a configuration of an
optical measuring device for near-infrared observation; and

FIG. 9 is a schematic view illustrating a configuration of a
conventional optical measuring device for fluorescent obser-
vation.

DETAILED DESCRIPTION OF THE INVENTION

An optical measuring device according to the present
invention will be described in detail with reference to the
drawings. The optical measuring device according to the
present invention is mounted to an optical apparatus such as a
microscope, image measuring device, etc., for example.
(First Embodiment)

A configuration will firstly be described.

An optical measuring device 1 according to a first embodi-
ment includes a visual observation section 100 for visually
observing a workpiece W, and a fluorescent observation sec-
tion 200 serving as a special observation section for a fluo-
rescent observation of the workpiece W, as illustrated in FI1G.
1.

The visual observation section 100 includes a white light
source 10, amirror 20, abeam splitter 30, an objective lens 40,
tube lenses 50A, 50B, and 50C, a power turret 60, and a CCD
camera 70.

The white light source 10 is composed of a halogen, dis-
charge lamp, or light-emitting diode, for example, and gen-
erates and emits white light. With the white light emitted from
the white light source 10, the mirror 20 arranged below the
white light source 10 in the vertical direction is irradiated.

The mirror 20 reflects the white light, irradiated from the
white light source 10, toward the beam splitter 30 arranged at
the left side in the horizontal direction. With the white light
reflected by the mirror 20, the beam splitter 30 is irradiated
from the right side in the horizontal direction.

The beam splitter 30 reflects the white light irradiated from
the mirror 20 toward the objective lens 40 arranged below in
the vertical direction. The white light reflected by the beam
splitter 30 enters the objective lens 40 from above in the
vertical direction.

Return light, which is reflected on the surface of the work-
piece W and passes through the objective lens 40 from below
in the vertical direction, transmits through the beam splitter
30. The return light passing through the beam splitter 30
enters the tube lens 50 (the tube lens 50A in the figure)
arranged above in the vertical direction.

The objective lens 40 is mounted so as to be opposite to the
workpiece W. The white light entering from the beam splitter
30 transmits through the objective lens 40. With the white
light passing through the objective lens 40, the workpiece W
is irradiated from above in the vertical direction.

Return light, which is reflected on the surface (inner sur-
face) of the workpiece W, transmits through the objective lens
40. With the return light passing through the objective lens 40,
the beam splitter 30 arranged above in the vertical direction is
irradiated.

Specifically, the objective lens 40 is arranged between the
white light source 10 and the workpiece W, and the white light
emitted from the white light source 10 and the return light
from the workpiece W transmit through the objective lens 40.

The tube lenses 50 (50A, 50B, 50C) are three optical
lenses, each having a different magnification, for example,
wherein one (the tube lens 50A in the figure) of the tube lenses
50 is arranged on the return light entering from the beam
splitter 30 so as to change a magnification of the return light
to a predetermined magnification, and to allow the same to
transmit therethrough. The return light passing through the
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tube lens 50 enters the CCD camera 70 arranged above in the
vertical direction through the power turret 60.

The number ofthe tube lenses 50 is not limited to three, and
any number not less than 2 may be adopted.

The power turret 60 is a turret, for example, which is
provided so as to be rotatable about an axis as a center, which
axis is at a position different from that of the return light from
the workpiece W and parallel to the return light. The power
turret 60 includes the three tube lenses 50A, 50B, and 50C
mounted thereon at equal spaces (space of 120 degrees) on a
circumference having a radius which is the distance from the
axis to the return light.

Specifically, the power turret 60 serves as a lens switching
mechanism which can selectively switch the tube lenses 50
(50A, 50B, 50C) to select one of them which is to be arranged
on the return light.

The CCD camera 70 is an image sensor which captures an
image of the workpiece W based upon the return light from
the workpiece W so as to acquire image data. The acquired
image data is output to a not-illustrated control section which
performs various image processes, and the like.

The fluorescent observation section 200 includes a special
light source 110, an excitation filter 120, a mirror 130, a
dichroic mirror 140, an objective lens 150, a tube lens 160, a
fluorescence filter 170, and a CCD camera 180.

The special light source 110 is composed of a halogen,
discharge lamp, or light-emitting diode, for example, and
generates and emits excitation light. With the excitation light
emitted from the special light source 110, the excitation filter
120 arranged below the special light source 110 in the vertical
direction is irradiated.

The excitation filter 120 is a filter through which only
excitation light having a wavelength for making the fluores-
cence emitted from the workpiece W transmits.

Specifically, the excitation filter 120 is arranged between
the special light source 110 and the workpiece W, and only the
excitation light having a wavelength for making the fluores-
cence emitted from the workpiece W, out of the excitation
light entering from the special light source 110, transmits
through the excitation filter 120, so that the mirror 130
arranged below in the vertical direction is irradiated.

The mirror 130 reflects the excitation light, passing
through the excitation filter 120, toward the dichroic mirror
140 arranged at the left side in the horizontal direction. With
the excitation light reflected from the mirror 130, the dichroic
mirror 140 is irradiated from the right side in the horizontal
direction.

The dichroic mirror 140 reflects the excitation light irradi-
ated from the mirror 130 toward the objective lens 150
arranged below in the vertical direction. The excitation light
reflected from the dichroic mirror 140 enters the objective
lens 150 from above in the vertical direction.

Return light which passes through the objective lens 150
from below in the vertical direction transmits through the
dichroic mirror 140. With the return light passing through the
dichroic mirror 140, the fluorescence filter 170 arranged
above in the vertical direction is irradiated.

The objective lens 150 is mounted to be opposite to the
workpiece W. The excitation light entering from the dichroic
mirror 140 transmits through the objective lens 150. With the
excitation light passing through the objective lens 150, the
workpiece W is irradiated from above in the vertical direc-
tion.

The excitation light reflected on the workpiece W, and the
return light composed of fluorescence and emitted from a
fluorescent material formed on the workpiece W, transmit
through the objective lens 150. With the return light passing
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6

through the objective lens 150, the dichroic mirror 140
arranged above in the vertical direction is irradiated.

Specifically, the objective lens 150 is arranged between the
special light source 110 and the workpiece W, and allows the
excitation light passing through the excitation filter 120, out
of the excitation light emitted from the special light source
110, and the return light from the workpiece W, to transmit the
objective lens 150.

The fluorescence filter 170 is a filter through which only
fluorescence transmits.

Specifically, only the fluorescence emitted from the work-
piece W, out of the return light passing through the dichroic
mirror 140, transmits through the fluorescence filter 170.

The tube lens 160 changes a magnification of the fluores-
cence passing through the fluorescence filter 170 to a prede-
termined magnification and allows the same to transmit
through the tube lens 160. The fluorescence passing through
the tube lens 160 enters the CCD camera 180 arranged above
in the vertical direction.

The CCD camera 180 is an image sensor which captures an
image of the workpiece W based upon the return light from
the workpiece W so as to acquire image data. The acquired
image data is output to a not-illustrated control section which
performs various image processes, and the like.

An operation will next be described.

In the visual observation section 100 of the optical mea-
suring device 1, the white light emitted from the white light
source 10 passes through the objective lens 40 via the mirror
20 and the beam splitter 30 so that the workpiece W is irra-
diated with the white light. The white light with which the
workpiece W is irradiated reflected on the surface of the
workpiece W, and passes through one (the tube lens 50A in
the figure) of the tube lenses 50 (50A, 50B, 50C), which is
selectively switched by the power turret 60, via the objective
lens 40 and the beam splitter 30, thereby entering the CCD
camera 70.

In the fluorescent observation section 200 of the optical
measuring device 1, the special light source 110 which emits
only excitation light is used, and the excitation filter 120
through which only the excitation light having a wavelength
corresponding to the workpiece W transmits is arranged on
the optical axis of the excitation light emitted from the special
light source 110. With this structure, the excitation light cor-
responding to the workpiece W can be obtained. The obtained
excitation light passes through the objective lens 150 via the
mirror 130 and the dichroic mirror 140, thereby the work-
piece W is irradiated with the excitation light. On the work-
piece W irradiated with the excitation light, the fluorescence
according to the thickness of the fluorescent material formed
on the workpiece W is emitted, and the irradiated excitation
light is reflected. The return light including the fluorescence
and the excitation light from the workpiece W passes through
the fluorescence filter 170, through which only the fluores-
cence transmits, via the objective lens 150 and the dichroic
mirror 140. The fluorescence passing through the fluores-
cence filter 170 passes through the tube lens 160, and enters
the CCD camera 180.

The objective lens 40 and the objective lens 150 can be
moved integrally in the horizontal direction, whereby one of
them can be made opposite to the workpiece W depending
upon the intended use.

Specifically, when the visual observation is performed, the
objective lens 40 is moved to the position opposite to the
workpiece W, while the objective lens 150 is moved to the
position opposite to the workpiece W when the fluorescent
observation is performed. With this operation, the observa-
tion method can easily be changed.
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As described above, the optical measuring device 1 accord-
ing to the first embodiment includes the visual observation
section 100 for performing the visual observation of the
workpiece W, and the special observation section (fluorescent
observation section 200) for performing the special observa-
tion of the workpiece W, wherein the visual observation sec-
tion 100 includes the white light source 10 which emits white
light, the objective lens 40 which is arranged between the
white light source 10 and the workpiece W and allows the
white light emitted from the white light source 10 and the
return light from the workpiece W to transmit through the
objective lens 40, the tube lenses 50 (50A, 50B, 50C) which
change the magnification of the return light passing through
the objective lens 40 to a predetermined magnification, and
the power turret 60 which can selectively switch the tube
lenses 50 to select one of them which is to be arranged on the
return light, and wherein the special observation section
includes the special light source 110 which emits special
light, and the objective lens 150 which is arranged between
the special light source 110 and the workpiece W and allows
the special light emitted from the special light source 110 and
the return light from the workpiece W to transmit the objec-
tive lens 150.

With this configuration, the visual observation and special
observation can be performed to the workpiece W, which
means that the observation method can easily be changed
depending upon the use intended by a user.

Particularly, the optical measuring device 1 according to
the first embodiment further includes the excitation filter 120
which is arranged between the special light source 110 and
the objective lens 150 for allowing only the passage of the
excitation light having the wavelength for making the fluo-
rescence emitted from the workpiece W, and the fluorescence
filter 170 which allows only the passage of the fluorescence
emitted from the workpiece W out of the return light passing
through the objective lens 150, wherein the special light is the
excitation light, and the objective lens 150 allows the excita-
tion light passing through the excitation filter 120 out of the
excitation light emitted from the special light source 110 to
transmit through the objective lens 150.

With this configuration, not only the visual observation but
also the fluorescent observation can be performed to the
workpiece W. Therefore, an IC wafer using a solder resist can
be inspected, and a biological tissue or cell stained with a
fluorescent pigment can be observed, for example.

(Second Embodiment)

A configuration will firstly be described. For simplifying
the description, the components same as those in the first
embodiment are denoted by the same numerals, and the
description will not be repeated.

An optical measuring device 2 according to a second
embodiment includes a visual observation section 100 for
visually observing a workpiece W, and a near-infrared obser-
vation section 300 serving as a special observation section for
anear-infrared observation of the workpiece W, as illustrated
in FIG. 2.

The near-infrared observation section 300 includes a spe-
cial light source 210, a mirror 220, a beam splitter 230, an
objective lens 240, a tube lens 250, and a CCD camera 260.

The special light source 210 is composed of a halogen,
discharge lamp, or light-emitting diode, for example, and it
generates and emits near infrared light. With the near infrared
light emitted from the special light source 210, the mirror 220
arranged below the special light source 210 in the vertical
direction is irradiated.

The mirror 220 reflects the near infrared light, irradiated
from the special light source 210, toward the beam splitter
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230 arranged at the left side in the horizontal direction. With
the near infrared light reflected by the mirror 220, the beam
splitter 230 is irradiated from the right side in the horizontal
direction.

The beam splitter 230 reflects the near infrared light irra-
diated from the mirror 220 toward the objective lens 240
arranged below in the vertical direction. The near infrared
light reflected by the beam splitter 230 enters the objective
lens 240 from above in the vertical direction.

Return light, which passes through the surface of the work-
piece W is reflected by a not-illustrated wiring, passes
through the objective lens 240 from below in the vertical
direction, and transmits through the beam splitter 230. The
return light passing through the beam splitter 230 enters the
tube lens 250 arranged above in the vertical direction.

The objective lens 240 is mounted to be opposite to the
workpiece W. The near infrared light entering from the beam
splitter 230 transmits through the objective lens 240. With the
near infrared light passing through the objective lens 240, the
workpiece W is irradiated from above in the vertical direc-
tion.

Return light, which passes through the surface of the work-
piece W and is reflected by the not-illustrated wiring, trans-
mits through the objective lens 240. With the return light
passing through the objective lens 240, the beam splitter 230
arranged above in the vertical direction is irradiated.

Specifically, the objective lens 240 is arranged between the
special light source 210 and the workpiece W, and allows the
near infrared light emitted from the special light source 210
and the return light from the workpiece W to transmit through
the objective lens 240.

The tube lens 250 changes a magnification of the return
light entering from the beam splitter 230, to a predetermined
magnification, and allows the same to transmit through the
tube lens 250. The return light passing through the tube lens
250 enters the CCD camera 260 arranged above in the vertical
direction.

The CCD camera 260 is an image sensor which captures an
image of the workpiece W based upon the return light from
the workpiece W so as to acquire image data. The acquired
image data is output to a not-illustrated control section which
performs various image processes, and the like.

An operation will next be described.

In the visual observation section 100 of the optical mea-
suring device 2, the white light emitted from the white light
source 10 passes through the objective lens 40 via the mirror
20 and the beam splitter 30 so that the workpiece W is irra-
diated with the white light. The white light with which the
workpiece W is irradiated is reflected on the surface of the
workpiece W, and passes through one (the tube lens 50A in
the figure) of the tube lenses 50 (50A, 50B, 50C), which is
selectively switched by the power turret 60, via the objective
lens 40 and the beam splitter 30, thereby entering the CCD
camera 70.

In the near-infrared observation section 300 of the optical
measuring device 2, the special light source 210 which emits
only near infrared light is used, wherein the near infrared light
emitted from the special light source 210 is transmitted
through the objective lens 240 via the mirror 220 and the
beam splitter 230 so that the workpiece W is irradiated with
the near infrared light. The near infrared light, with which the
workpiece W is irradiated, passes through the surface of the
workpiece W and is reflected by the not-illustrated wiring,
and passes through the tube lens 250 via the objective lens 240
and the beam splitter 230, thereby entering the CCD camera
260.
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The objective lens 40 and the objective lens 240 can be
moved integrally in the horizontal direction, whereby one of
them can be made opposite to the workpiece W depending
upon the intended use.

Specifically, when the visual observation is performed, the
objective lens 40 is moved to the position opposite to the
workpiece W, while the objective lens 240 is moved to the
position opposite to the workpiece W when the near-infrared
observation is performed. With this operation, the observa-
tion method can easily be changed.

As described above, the optical measuring device 2 accord-
ing to the second embodiment employs the light source,
which emits near infrared light, as the special light source
210. Therefore, not only the visual observation at the visual
observation section 100 but also the near-infrared observation
at the special observation section (near-infrared observation
section 300) can be performed to the workpiece W. Accord-
ingly, a circuit board using a thin material such as a silicon or
film can be inspected, and a vein authentication to be utilized
for security can be performed, for example.

(Third Embodiment)

A configuration will firstly be described. For simplifying
the description, the components same as those in the first and
second embodiments are denoted by the same numerals, and
the description will not be repeated.

Anoptical measuring device 3 according to a third embodi-
ment includes, as illustrated in FIG. 3, a high-intensity light
source 11, amirror 20, abeam splitter 30, an objective lens 40,
tube lenses 50A, 50B, and 50C, a high-pass filter 80, a power
turret 60, and a CCD camera 70.

The high-intensity light source 11 is a wideband light
source composed of a halogen, discharge lamp, or light-
emitting diode, for example, and generates and emits high-
intensity white light including near infrared light. With the
white light emitted from the high-intensity light source 11,
the mirror 20 arranged below the high-intensity light source
11 in the vertical direction is irradiated.

The high-pass filter 80 is a filter through which only near
infrared light transmits.

Specifically, only the near infrared light out of the return
light (white light including the near infrared light) passing
through the beam splitter 30 transmits through the high-pass
filter 80.

The high-pass filter 80 is provided so as to be integral with
one (the tube lens 50A in the figure) of the tube lenses 50
(50A, 50B, 50C), and moves with the switching operation of
the tube lens 50 by the power turret 60.

An operation will next be described.

In the optical measuring device 3, the high-intensity white
light, which is emitted from the high-intensity light source 11
and includes the near infrared light, passes through the objec-
tive lens 40 via the mirror 20 and the beam splitter 30 so that
the workpiece W is irradiated with the high-intensity white
light. The near infrared light included in the white light with
which the workpiece W is irradiated passes through the sur-
face of the workpiece W, and is reflected by the not-illustrated
wiring. The return light from the workpiece W passes through
the high-pass filter 80, through which only the near infrared
light transmits, via the objective lens 40 and the beam splitter
30. The near infrared light passing through the high-pass filter
80 passes through the tube lens 50A so that the CCD camera
70 is irradiated with the near infrared light.

On the other hand, when the tube lens 50 (for example, the
tube lens 50B) having no high-pass filter 80 provided thereon
is arranged on the return light by the switching operation of
the tube lens 50 by the power turret 60, the return light from
the workpiece W passes through the tube lens 50B to enter the
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CCD camera 70 as unchanged, since the high-pass filter 80 is
not present on the return light.

As described above, the optical measuring device 3 accord-
ing to the third embodiment includes the white light source
(high-intensity light source 11) which emits white light
including special light, the objective lens 40 which is
arranged between the high-intensity light source 11 and the
workpiece W for allowing the passage of the white light
emitted from the high-intensity light source 11 and the return
light from the workpiece W, the tube lenses 50 (50A, 50B,
50C) which change the magnification of the return light pass-
ing through the objective lens 40 to a predetermined magni-
fication, a special filter (high-pass filter 80) which is provided
to one (for example, the tube lens 50A) of the tube lenses 50
and through which only a predetermined light transmits, and
apower turret 60 which can selectively switch the tube lenses
50 to select one of them which is to be arranged on the return
light.

With this configuration, whether the special filter is
arranged on the return light from the workpiece W or not can
be selected by switching operation of the tube lens 50 by the
power turret 60. Therefore, a user can easily make a
changeover between the visual observation and the special
observation.

Especially, the optical measuring device 3 according to the
third embodiment employs the light source which emits white
light including the near infrared light as the white light
source, and the high-pass filter 80 through which only the
near infrared light transmits as the special filter. Therefore,
not only the visual observation but also the near-infrared
observation can be made according to switching operation of
the tube lens 50 by the power turret 60. Accordingly, a circuit
board using a thin material such as silicon and a film can be
inspected, and a vein authentication to be utilized for security
can be performed, for example.

(Fourth Embodiment)

A configuration will firstly be described. For simplifying
the description, the components same as those in the first to
third embodiments are denoted by the same numerals, and the
description will not be repeated.

An optical measuring device 4 according to a fourth
embodiment includes, as illustrated in FIG. 4, a high-intensity
light source 12, a filter-switching turret 90, a mirror 20, a
beam splitter 30, an objective lens 40, tube lenses 50A, 50B,
and 50C, a fluorescence filter 171, a power turret 60, and a
CCD camera 70.

The high-intensity light source 12 is a wideband light
source composed of a halogen, discharge lamp, or light-
emitting diode, for example, and generates and emits high-
intensity white light including excitation light. With the white
light emitted from the high-intensity light source 12, the
filter-switching turret 90 arranged below the high-intensity
light source 12 in the vertical direction is irradiated.

The filter-switching turret 90 is a turret which can selec-
tively make a changeover as to whether the excitation filter
121, through which only excitation light having a wavelength
for making the fluorescence emitted from the workpiece W
transmits, is arranged on the white light emitted from the
high-intensity light source 12 or not. It serves as a filter-
switching mechanism.

The fluorescence filter 171 is a filter through which only
fluorescence transmits.

Specifically, only the fluorescence emitted from the work-
piece W, out of the return light passing through the beam
splitter 30, transmits through the fluorescence filter 171.

The fluorescence filter 171 is provided so as to be integral
with one (the tube lens 50A in the figure) of the tube lenses 50
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(50A, 50B, 50C), and moves with the switching operation of
the tube lens 50 by the power turret 60.

An operation will next be described.

The optical measuring device 4 has the filter-switching
turret 90 which can selectively make a changeover as to
whether or not the excitation filter 121 is arranged on the
white light emitted from the high-intensity light source 12.

When the filter-switching turret 90 is operated so as to
arrange the excitation filter 121 on the white light and the
power turret 60 is operated so as to arrange the tube lens S0A
on which the fluorescence filter 171 is provided on the return
light (see FIG. 4), the excitation light, which is obtained by
the passage through the excitation filter 121, passes through
the objective lens 40 via the mirror 20 and the beam splitter 30
so that the workpiece W is irradiated with the excitation light.
On the workpiece W irradiated with the excitation light, the
fluorescence according to the thickness of the fluorescent
material formed on the workpiece W is emitted, and the
irradiated excitation light is reflected. Return light including
the fluorescence and the excitation light from the workpiece
W passes through the fluorescence filter 171, through which
only the fluorescence transmits, via the objective lens 40 and
the beam splitter 30. The fluorescence passing through the
fluorescence filter 171 passes through the tube lens 50A, and
enters the CCD camera 70.

On the other hand, when the filter-switching turret 90 is
operated so as not to arrange the excitation filter 121 on the
white light and the power turret 60 is operated so as to arrange
the tube lens 50 (e.g., the tube lens 50B) on which the fluo-
rescence filter 171 is not provided on the return light, the
workpiece W is irradiated directly with the white light emit-
ted from the high-intensity light source 12. Further, the return
light from the workpiece W passes through the tube lens 50B
to enter the CCD camera 70 as unchanged, since the fluores-
cence filter 171 is not present on the return light from the
workpiece W.

As described above, the optical measuring device 4 accord-
ing to the fourth embodiment further includes the filter-
switching turret 90 which is arranged between the white light
source (high-intensity light source 12) and the objective lens
40 and which can selectively make a changeover as to
whether or not the excitation filter 121, through which only
the excitation light having a wavelength for making the fluo-
rescence emitted from the workpiece W transmits, is arranged
on the white light emitted from the high-intensity light source
12. Moreover, the optical measuring device 4 according to the
fourth embodiment uses as the white light source the light
source which emits the white light including the excitation
light, and uses as the special filter the fluorescence filter 171
through which only the fluorescence emitted from the work-
piece W out of the return light transmits. The objective lens 40
allows the passage of the white light or excitation light pass-
ing through the filter-switching turret 90, out of the white light
emitted from the high-intensity light source 12.

With this configuration, not only the visual observation but
also the fluorescent observation can be made according to the
switching operation of the excitation filter 121 by the filter-
switching turret 90 and the switching operation of the tube
lens 50 by the power turret 60. Therefore, an IC wafer using
a solder resist can be inspected, and a biological tissue or cell
stained with a fluorescent pigment can be observed, for
example.

(Fifth Embodiment)

A configuration will firstly be described. For simplifying
the description, the components same as those in the first to
fourth embodiments are denoted by the same numerals, and
the description will not be repeated.
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An optical measuring device 5 according to a fifth embodi-
ment includes, as illustrated in FIGS. 5A and 5B, a high-
intensity light source 13, a filter-switching turret 91, a mirror
20, a beam splitter 30, an objective lens 40, tube lenses S0A,
50B, and 50C, a fluorescence filter 171, a power turret 60, and
a CCD camera 70.

The high-intensity light source 13 is a wideband light
source composed of a halogen, discharge lamp, or light-
emitting diode, for example, and generates and emits high-
intensity white light including near infrared light and excita-
tion light. With the white light emitted from the high-intensity
light source 13, the filter-switching turret 91 arranged below
the high-intensity light source 13 in the vertical direction is
irradiated.

The filter-switching turret 91 is a turret which can selec-
tively make a changeover as to whether one of the excitation
filter 121 through which only the excitation light having a
wavelength for making the fluorescence emitted from the
workpiece W transmits, and the high-pass filter 81 through
which only the near infrared light transmits, is arranged on the
white light emitted from the high-intensity light source 13, or
neither of them is arranged. It serves as a filter-switching
mechanism.

An operation will next be described.

The optical measuring device 5 has the filter-switching
turret 91 which can selectively make a changeover as to
whether one of the excitation filter 121 and the high-pass filter
81 is arranged on the white light emitted from the high-
intensity light source 13, or neither of them is arranged.

When the filter-switching turret 91 is operated so as to
arrange the excitation filter 121 on the white light and the
power turret 60 is operated so as to arrange the tube lens 50A,
on which the fluorescence filter 171 is provided, on the return
light (see FIG. 5A), the excitation light, which is obtained by
the passage through the excitation filter 121, passes through
the objective lens 40 via the mirror 20 and the beam splitter
30, so that the workpiece W is irradiated with the excitation
light. On the workpiece W irradiated with the excitation light,
the fluorescence according to the thickness of the fluorescent
material formed on the workpiece W is emitted, and the
irradiated excitation light is reflected. The return light includ-
ing the fluorescence and the excitation light from the work-
piece W passes through the fluorescence filter 171, through
which only the fluorescence transmits, via the objective lens
40 and the beam splitter 30. The fluorescence passing through
the fluorescence filter 171 passes through the tube lens 50A,
and enters the CCD camera 70.

When the filter-switching turret 91 is operated so as to
arrange the high-pass filter 81 on the white light and the
power turret 60 is operated so as to arrange the tube lens 50
(e.g., the tube lens 50B), on which the fluorescence filter 171
is not provided, on the return light (see FIG. 5B), the near
infrared light obtained by the passage through the high-pass
filter 81 passes through the objective lens 40 via the mirror 20
and the beam splitter 30 so that the workpiece W is irradiated
with the near infrared light. The near infrared light with which
the workpiece W is irradiated passes through the surface of
the workpiece W, is reflected by the not-illustrated wiring,
and then passes through the tube lens 50B via the objective
lens 40 and the beam splitter 30, thereby entering the CCD
camera 70.

When the filter-switching turret 91 is operated so as to
arrange neither the excitation filter 121 nor the high-pass filter
81 on the white light, and the power turret 60 is operated so as
to arrange the tube lens 50 (e.g., the tube lens 50B), on which
the fluorescence filter 171 is not provided, on the return light,
the workpiece W is irradiated directly with the white light
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emitted from the high-intensity light source 13. Further, the
return light from the workpiece W passes through the tube
lens 50B to enter the CCD camera 70 as unchanged, since the
fluorescence filter 171 is not present on the return light from
the workpiece W.

The optical measuring device 5 according to the fifth
embodiment employs the light source, as the white light
source (high-intensity light source 13), which emits the white
light including the excitation light and the near infrared light.
The filter-switching turret 91 can selectively make a
changeover as to whether one of the excitation filter 121
through which only the excitation light having the wave-
length for making the fluorescence emitted from the work-
piece W transmits, and the high-pass filter 81 through which
only the near infrared light transmits, is arranged on the white
light emitted from the high-intensity light source 13, or nei-
ther of them is arranged. The objective lens 40 allows the
passage of the white light, near infrared light, or excitation
light, passing through the filter-switching turret 91, out of the
white light emitted from the high-intensity light source 13.

With this configuration, not only the visual observation but
also the fluorescent observation or the near infrared observa-
tion can be made according to the filter switching operation
by the filter-switching turret 91 and the switching operation of
the tube lens 50 by the power turret 60. Therefore, an IC wafer
using a solder resist can be inspected, and a biological tissue
or cell stained with a fluorescent pigment can be observed, a
circuit board using a thin material such as silicon and a film
can be checked, and a vein authentication to be utilized for
security can be performed, for example.

(Modification of Fifth Embodiment)

A configuration will firstly be described. For simplifying
the description, the components same as those in the first to
fifth embodiments are denoted by the same numerals, and the
description will not be repeated.

An optical measuring device 6 according to a modification
of the fifth embodiment includes, as illustrated in FIGS. 6A
and 6B, a high-intensity light source 13, a filter-switching
turret 90, a mirror 20, a beam splitter 30, an objective lens 40,
tube lenses 50A, 50B, and 50C, a fluorescence filter 171, a
high-pass filter 80, a power turret 60, and a CCD camera 70.

It is different from the fifth embodiment in which the
high-pass filter 80 is provided to the tube lens 50B, not in the
filter-switching turret 90.

An operation will next be described.

The optical measuring device 6 has the filter-switching
turret 90 which can selectively make a changeover as to
whether or not the excitation filter 121 is arranged on the
white light emitted from the high-intensity light source 13.

When the filter-switching turret 90 is operated so as to
arrange the excitation filter 121 on the white light and the
power turret 60 is operated so as to arrange the tube lens 50A,
on which the fluorescence filter 171 is provided, on the return
light (see FIG. 6A), the excitation light, which is obtained by
the passage through the excitation filter 121, passes through
the objective lens 40 via the mirror 20 and the beam splitter
30, so that the workpiece W is irradiated with the excitation
light. On the workpiece W irradiated with the excitation light,
the fluorescence according to the thickness of the fluorescent
material formed on the workpiece W is emitted, and the
irradiated excitation light is reflected. The return light includ-
ing the fluorescence and the excitation light from the work-
piece W passes through the fluorescence filter 171, through
which only the fluorescence transmits, via the objective lens
40 and the beam splitter 30. The fluorescence passing through
the fluorescence filter 171 passes through the tube lens 50A,
and enters the CCD camera 70.

10

15

20

25

30

35

40

45

50

55

60

65

14

When the filter-switching turret 90 is operated so as not to
arrange the excitation filter 121 on the white light and the
power turret 60 is operated so as to arrange the tube lens 50B,
onwhich the high-pass filter 80 is provided, on the return light
(see FIG. 6B), the high-intensity white light emitted from the
high-intensity light source 13 and including the near infrared
light passes through the objective lens 40 via the mirror 20
and the beam splitter 30 so that the workpiece W is irradiated
with the high-intensity white light. The near infrared light
included in the white light, with which the workpiece W is
irradiated, passes through the surface of the workpiece W and
is reflected by the not-illustrated wiring. The return light from
the workpiece W passes through the high-pass filter 80,
through which only the near infrared light transmits, via the
objective lens 40 and the beam splitter 30. The near infrared
light passing through the high-pass filter 80 passes through
the tube lens S0B to enter the CCD camera 70.

When the filter-switching turret 90 is operated so as not to
arrange the excitation filter 121 on the white light and the
power turret 60 is operated so as to arrange the tube lens 50
(e.g., the tube lens 50C), on which the fluorescence filter 171
and the high-pass filter 80 are not provided, on the return
light, the workpiece W is irradiated directly with the white
light emitted from the high-intensity light source 13. Further,
the return light from the workpiece W passes through the tube
lens 50C to enter the CCD camera 70 as unchanged, since the
fluorescence filter 171 or the high-pass filter 80 is not present
on the return light from the workpiece W.

The optical measuring device 6 according to the modifica-
tion of the fifth embodiment employs the light source, as the
white light source (high-intensity light source 13), which
emits the white light including the excitation light and the
near infrared light. The number of the tube lenses 50 is at least
three or more, wherein one (e.g., the tube lens 50B) of the tube
lenses 50 on which the fluorescence filter 171 is not provided
has mounted thereon the high-pass filter 80 through which
only the near infrared light transmits.

With this configuration, not only the visual observation but
also the fluorescent observation or the near-infrared observa-
tion can be made according to the switching operation of the
excitation filter 121 by the filter-switching turret 90 and the
switching operation of the tube lens 50 by the power turret 60.
Therefore, an IC wafer using a solder resist can be inspected,
a biological tissue or cell stained with a fluorescent pigment
can be observed, a circuit board using a thin material such as
silicon and a film can be checked, and a vein authentication to
be utilized for security can be performed, for example.

Although the embodiments according to the present inven-
tion have been described above, the present invention is not
limited to the above-mentioned embodiments, and various
modifications are possible without departing from the scope
of the present invention.

For example, in the above-mentioned embodiments, the
fluorescence filter and the high-pass filter are provided
between the tube lens and the objective lens. However, the
present invention is not limited thereto. For example, they
may be provided between the tube lens and the CCD camera.

Various modifications are also possible without departing
from the scope of the present invention for the detailed con-
figurations and detailed operations of the components consti-
tuting the optical measuring device.

As described above, according to the embodiment of the
present invention, there is provided an optical measuring
device including: a visual observation section for performing
a visual observation of a measurement object; and a special
observation section for performing a special observation of
the measurement object, wherein the visual observation sec-



US 9,170,196 B2

15

tion includes: a white light source which emits white light; a
first objective lens arranged between the white light source
and the measurement object, through which lens the white
light emitted from the white light source and return light from
the measurement object transmit; a plurality of tube lenses
which change a magnification of the return light passing
through the first objective lens to a predetermined magnifica-
tion; and a lens switching mechanism which can selectively
switch the tube lenses so as to select one of the tube lenses
which is to be arranged on the return light, and wherein the
special observation section includes: a special light source
which emits special light; and a second objective lens
arranged between the special light source and the measure-
ment object, through which lens the special light emitted from
the special light source and return light from the measurement
object transmit.

Preferably, the special light is near infrared light.

Preferably, the optical measuring further includes: an exci-
tation filter arranged between the special light source and the
second objective lens, through which filter only excitation
light having a wavelength for making a fluorescence emitted
from the measurement object transmits; and a fluorescence
filter through which only the fluorescence emitted from the
measurement object, out of the return light passing through
the second objective lens, transmits, and the special light is
excitation light, and the excitation light passing through the
excitation filter, out of the excitation light emitted from the
special light source, transmits through the second objective
lens.

Moreover, according to the embodiment of the present
invention, there is provided an optical measuring device
including: a white light source which emits white light
including special light; an objective lens arranged between
the white light source and a measurement object, through
which lens the white light emitted from the white light source
and return light from the measurement object transmit; a
plurality of tube lenses which change a magnification of the
return light passing through the objective lens to a predeter-
mined magnification; a special filter provided on one of the
tube lenses, through which filter only predetermined light
transmits; and a lens switching mechanism which can selec-
tively switch the tube lenses so as to select one of the tube
lenses which is to be arranged on the return light.

Preferably, the special light is near infrared light, and the
special filter is a near-infrared filter through which only the
near infrared light transmits.

Preferably, the optical measuring device further includes a
filter-switching mechanism which is arranged between the
white light source and the objective lens, and which can
selectively make a changeover as to whether an excitation
filter through which only excitation light having a wavelength
for making fluorescence emitted from the measurement
object is arranged on the white light emitted from the white
light source or not, the special light is excitation light, the
white light or the excitation light passing through the filter-
switching mechanism, out of the white light emitted from the
white light source, transmits through the objective lens, and
the special filter is a fluorescence filter through which only the
fluorescence emitted from the measurement object, out of the
return light, transmits.

Preferably, the special light includes near infrared light, the
filter-switching mechanism can selectively make a
changeover as to whether one of the excitation filter and a
near-infrared filter through which only the near infrared light
transmits is arranged on the white light emitted from the white
light source, or neither the excitation filter nor the near-infra-
red filter is arranged, and the white light, the near infrared
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light, or the excitation light, passing through the filter-switch-
ing mechanism, out of the white light emitted from the white
light source, transmits through the objective lens.

Preferably, the special light includes near infrared light, the
number of the tube lenses is at least three or more, and the
near-infrared filter through which only the near infrared light
transmits is provided to one of the tube lenses on which the
fluorescence filter is not provided.

As described above, since the present invention includes
the visual observation section for the visual observation of the
measurement object, and the special observation section for
the special observation of the measurement object, not only
the visual observation but also the near-infrared observation
or the fluorescent observation can be made to the measure-
ment object.

The entire disclosure of Japanese Patent Application No.
2010-281102 filed on Dec. 17, 2010, including specification,
claims, drawings and abstract are incorporated herein by ref-
erence in its entirety.

What is claimed is:

1. An optical measuring device comprising:

a white light source which emits white light including
special light;

an objective lens arranged between the white light source
and a measurement object, through which lens the white
light emitted from the white light source and return light
from the measurement object transmit;

a plurality of tube lenses which change a magnification of
the return light passing through the objective lens to a
predetermined magnification;

a special filter provided on only one of the tube lenses,
through which filter only predetermined light transmits;
and

a lens switching mechanism which can selectively switch
the tube lenses so as to select one of the tube lenses
which is to be arranged on the return light.

2. The optical measuring device according to claim 1,

wherein the special light is near infrared light, and

wherein the special filter is a near-infrared filter through
which only the near infrared light transmits.

3. The optical measuring device according to claim 1,

further comprising:

a filter-switching mechanism which is arranged between
the white light source and the objective lens, and which
can selectively make a changeover as to whether an
excitation filter through which only excitation light hav-
ing a wavelength for making a fluorescence emitted
from the measurement object is arranged on the white
light emitted from the white light source or not,

wherein the special light is excitation light,

wherein the white light or the excitation light passing
through the filter-switching mechanism, out of the white
light emitted from the white light source, transmits
through the objective lens, and

wherein the special filter is a fluorescence filter through
which only the fluorescence emitted from the measure-
ment object, out of the return light, transmits.

4. The optical measuring device according to claim 3,

wherein the special light includes near infrared light,

wherein the filter-switching mechanism can selectively
make a changeover as to whether one of the excitation
filter and a near-infrared filter through which only the
near infrared light transmits is arranged on the white
light emitted from the white light source, or neither the
excitation filter nor the near-infrared filter is arranged,
and
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wherein the white light, the near infrared light, or the
excitation light, passing through the filter-switching
mechanism, out of the white light emitted from the white
light source, transmits through the objective lens.

5. The optical measuring device according to claim 3,

wherein the special light includes near infrared light, and

wherein the number of the tube lenses is at least three or
more, and a near-infrared filter through which only the
near infrared light transmits is provided to one of the
tube lenses on which the fluorescence filter is not pro-
vided.

6. The optical measuring device according to claim 1,
further comprising a filter other than the special filter pro-
vided on at least one of the other tube lenses, through which
filter light other than the predetermined light transmits.

#* #* #* #* #*
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